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Research workers agree t}1at an unidentified factor, or factors, is 
needed for the opti.rnum Jrowti1, hatchability and reproduction in chickens 
in addition to those nutrients now known to be essential. Since there 
is a possibility that the same factor ,nay be involved in gro\rth, lacta-
tion, and reproduction with other fc.r,n ani'llals as well, research has 
been conducted alonJ several different lines. No che:nical assay for 
the unidentified factor is knO\m at the present tim.e. Bio-assays using 
rats, chickens, and certain bacteria have been the only means of meas-
urinJ the potency of Jr.nown sou.Tees of t!;.is unidentified factor. 
The amount of the unidentified factor required for opti:ntun growth 
in the chick has not been fully established. It is recognized by 
nutritionists that feedstuffs of ani,nal origin a.re usually good sources 
of the U.Ylidentified factor. However, processinJ techniques now employed 
by the manufacturers of many feedstuffs of animal origin destroy or 
preclude the factor. For this reason the addition of the factor to a 
poultry ration will often times give an increase in ;;rowth, reduce 
mortality and inprove feed efficiency even thouJh by all nutritional 
standards the ration is adequate a...'1d well balanced. 
The purposes of this study are: 
(1) To study the properties of the u:,identified growth factor (s). 
(2) To measure the growth responses obtained by feeding ex-
tracts of fish solubles. 
(3) To deter!.lline the level of fish solubles in the ration which 
will produce optimum growth. 
(4) To determine to wi.rnt de:i,Tee chic~{ mortality is influenced 
by. breeder and chick starter rations wr1ici1 are devoid of 
or contain very little anims.l protein factor. 




REVIEW OF LITERATURE 
It has been a common belief for many years that a poultry ration 
to be adequate must contain a certain amount of animal protein. Since 
the value of animal protein in poultry rat.ions was an accepted fact, 
very little research was conducted prior to 1941 to determine why 
animal proteins were essential. 
Early observations by Kawakawi, Uchida and Nakamura (1927) s~owed 
that animal protein in the form of dried fish caused a more rapid 
growth in mice than did a diet containing plant proteins. Fronda 
(1927) found that the addition of fish meal to a ration not only stim-
ulated growth in chickens, but also increased egg production and reduced 
mortality. Hayward and co-workers (1937) advised that 2 percent of dried 
sklmrnilk and meat scraps be used in addition to· soybean oil meal in 
rations for poultry. These workers observed the benefits derived from 
feeding animal proteins, but the reason for its superior feeding value 
. was not determined at that tir,1e. 
Du.ring the years 1941-1946, plant protein was substituted for ani-
mal protein in poultry rations because the plant protein was more 
readily available and lower in cost. ~esearcn workers found that opti-
mum growth was not obtained on the plant protein diets even though the 
ration contained all of the known nutrients essential for poultry. 
Thr~igh substitutions of this kind workers began investigations to 
learn why a.'1:Lrna.l protein was superior to plant protein and what could 
be done to iTuprove plant protein rations. For the assay work, most 
research workers used a corn-soybean meal basal ration. 
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Phillips, Carr, and Kennard (1920) fed several lots of chicks on 
diets which contained protein from soybean meal and meat scraps. They 
reported greater ~ains in weight from the ration containing only soy-
beans as the source of protein. Tomhave and Mumfaro (1933) reported 
poor growth in chicks fed ground raw soybeans. Ground raw soybeans 
when substituted for meat scraps in the ration increased mortality, 
retarded growth, decreased the efficiency of the ration, and produced 
uneven growth. Hayward, Steenbock and Bohstedt (1936) showed tha:t, 
rats required additional cystine in their ration when its protein was 
supplied by unheated soybean oil meal. 
Hayward and co-workers (1937) found that soybean oil meal cooked 
at 98 degrees C. for 15 minutes resulted in an increased rate of growth 
in chicks and a greater efficiency of feed utilization over a ration 
containing raw soybean oil meal. In 1946, Kunitz, reported the 
presence of a protein in soybean oil :neal which inhibits the proteolytic 
action of trypsin. Ham and Sandstedt (1944) were able to obtain satis-
factory feeding results from soybean oil meal proteins when t~ proteo-
lytic substance was removed. 
Rubin and Bird (1947) suggested the possibility of a heat-stable 
growt~1 inhibitor in soybean oil meal different from the .neat-labile 
trypsin inhibitor reported by Kunitz. The addition of the growth 
factor found in cow manure helped to counteract the heat-stable in-
hibiting factor in the ration, Rubin and Bird (1947). 
In addition to destroying the trypsin inhibitor, heating of soy-
bean oil meal also makes available some of the amino acids, especially 
tge sulphur-bearing ones, Almquist (1942) and Hayward, et al.(1936). 
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Almquist also found that heated soybean protein is deficient in meth-
ionine for the chick w'.1.en fed at a 20 percent protein level. Since 
most plant protein diets are deficient in one or more of the essential 
amino acids, Almquist recommended the addition of proteins from animal 
sources. Clandinin, Gravens, Halpin, and Hart (1946) reported that some 
soybean oil meal rations were improved by the addition of choline, 
while others w·are not improvedo They concluded that choline and meth-
ionine were not interchangeable in a soybean oil meal ration. Berry 
and co-workers (1946) showed that the ~~eding value of soybean oil 
meal rations could be increased by supplementing them with corn gluten 
meal. They suggested that tnis increase in value was due to the extra 
methionine present in tl1e corn gluten meal. 
Melnick, Oser, and Weiss (1946) reported that the rate of enzymatic 
digestion of proteins constituted a factor in nutrition. By the in 
vitro test, he dj_scoverecl the.t proteins were affected at different 
rates by enzymic digestion. Since amino acids have to be available in 
adequate quantities and available simultaneously for proper utilization, 
he concluded that the protein hydrolysates should be superior in'bio-
logical value to,.. the original intact proteins. :Joolle;y (1911.5) showed 
that there nay '.Je one or more essential peptides which the animal is un-
able to synt:iesize. He su6gested that in addition to a proper balance 
of the essential amino acids, it may be necessary to insure certain 
peptide linkages in the diet for satisfactory utilization of amino acid 
nitrogen. 
Almquist (1946) sug,;ested that terms like "animal protein", 
"vegetable protein", and the like should be discarded. He pointed out 
that the important thing was an adequate supply of the essential amino 
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acids required by the animal regardless of the ori.~in. 
Hai~mond and Titus (1944) recommended the addition of vita~ins 
and minerals to a soybean meal diet in order to obtain optimum growth. 
Marvel et·al.{1944) found that the addition of minerals and vita-
mins, including choline, to a corn-soybean oil meal ration produced 
growth in chicks equal to that obtained from the meat and bone scrap 
control ration. These same authors (1945) reported that a similar 
ration supplemented with 5 percent of distillers' dried ·solubles 
failed to supply enough riboflavin, pantothenic acid, and choline for 
adequate growth. However, a level of 10 percent of distillers' dried 
solubles did produce rapid growth. 
Deobald and co-workers (1937) suggested that soybean oil meal 
may lack certain of the "B-Complex" vitaminso This suggestion was 
followed in work by Mishler and co-workers (1946). Their results 
showed that animal proteins could be omitted from a ration when the 
corn-soybean oil meal diet was supplemented with riboflavin, choline, 
niootinic acid, minerals, and vitamins A and D. They suggested that 
the increased growth rate co::nmonly believed to be caused by the pro-
teins in ani:'.a.l products was actually due to the presence of certain 
vitamins. The results obtained by Emerson (1948) showed that when an 
all-vegetable ration was supplemented ~ith certain B-Complex vitamins, 
the growth rate of chicks was increased. Even greater growth was ob-
tained with the addition of 3 percent of fish solubles. The addition 
of folic acid, casein, green feed, alfalfa leaf meal, methionine and 
whey ferinentation solubles to the basal which was also supplemented 
with B-Complex vitamins did not bring about the same rate of growth 
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as was obtained with fish s oh .. bles. 
Cravens, McGibbon, and Halpin (1945) indicated that protein qu.9.l;ity 
was not the chief factor responsible for the increase in growth obtain-
ed from ani,nal products. These authors observed :m improvement in the 
growth of chickens when condensed fish press water or .;,~ound fish vis-
cera was added to a diet co 0,1posed of yellow corn, wl1eat by-products, 
meat scraps, soybean oil meal, a11inerals, fish . oil, and riboflavin. 
This bclicated that the fish press water or v-iscera contained a factor 
not present in these meat scraps, or not in as high a quantity as was 
found in the other two sources mentioned. Their findings were further 
substantiated by Carver and Evans (1943). Norris and Heuser (1943) 
were able to obtain satisfactory growths in chicks fed a ration con-
taining soybean oil :·n.eal as the principal so;LU'ce of protein. However, 
they advised the addition of 10 percent of protein of animal origin 
as a safety tnargi11. They reported that fish :n.eal was more effective 
as a supplement to soybean oil :neal than was meat scraps. Heuser, 
Norris, ancl l,IcGinnis (1946) observed that livability was improved by 
the addition of fis:1 1:1.eal to an all-vegetable protein ration. 
Patton and co-workers (1946) stated: 
"that t,1e nutritional effects of these anb1~1l supplements 
are due either to still unidentified substances or factors, 
vita.mill-like in c:i.1aracter, or to certain little understood 
relationships or interactions inv-olv-ing known nutrient 
materials." "Plant protein diets appear to be lacking in 
an unknown fe.ctor ',!hi~:1 is present in sardine fish meal", 
t:1ey car.eluded. 
McGinnis, Stevens, and Gro•1es (1947) found that an unidentified 
factor was extracted from liver by ethanol. It was necessary for 
growth and livability in chicks fed a diet composed of cereal grains. 
The factor does not appear to be influenced by the type of protein in 
the diet. Methionine 6ave a growth response in addition to that ob-
tained by the factor; althou,.;;h, it did not replace the factor. They 
reported that the unidentified factor was destroyed by oxidation, was 
soluble in water at a pH of 5.0, 4.0, J.O, and 2.0, and that it was 
soluble in acetone. It was dialyzable throu_sh a cellophane membrane. 
Hill (1948) su6gested that two unidentified nutrients are concerned 
in the s,rowth of the chick. One is found in whey, soybean oil r:ieal, 
and fish solubles, while the other one is found in meat scraps. However, 
Christiansen and co-workers (1940) reported t~1at meat scraps were not 
valuable in combination with so1bean oil meal. They found a great 
variation in the Yalue of different sam9les of meat scraps. 
McGinnis and Carver (1947) reported that the addition of fish 
meal and ar. alcohol-soluble liver fraction to a corn and soybean oil 
meal diet increased growth and reduced mortality. The chick• s require-
ments for the factor, or factors found in fish meal did not appear to 
be dependent on the presence of corn or soybean oil meal in the chick's 
diet. Mishler and co-workers (1947) found that fish solubles were an 
excellent supplement in corn ancl soybean oil :r,eal rations for young 
chickens. They observed that male chicks 6ave a greater response to 
fish solubles than did female chicks. Berry and co-workers (1945) 
showed that 2 percent of fish meal, or 2 percent of fish liver, was 
a ~ood supplement to a corn and soybean oil meal ration. Similar recom-
mendations were :na.de by Heuser and Norris (1944). 
The results of experL~ents by Whitson, et al~ (1945) showed that 
the addition of J percent of sardine 1-:i.eal or 8 percent dried cow manure 
supplied the factor, or factors, needed in the soybean oil meal 
ration. Mussehl (1931) reported that fish meal was superior to 
casein in chick rations. 
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Robblee and co-workers (1947) supplemented a basal ration com-
posed of natural feedstuffs with fish solubles. Results of this sup-
plementation showed that a definite increase in growth was obtained 
-with chicks. The same response was obtained on a purified diet. 
Hill and Van Poucke (1947) reported that the unidentified factor was 
also required by chicks on a purified diet. A supplement of fish sol-
ubles, milk products, ancl gale.tin increased Jrowth in chicks when 
added to the purified diet. 
Johnson, Carrick, Roberts, and Hauge (1942) showed experimentally 
that t:iere is a factor present in casein and dried liver meal which 
is essential for the growth of the chick. It is distinct from vitamin 
A, t11iamin, riboflavin, nicotinic acid, pantothenic acid, para-amino-
benzoic acid, choline and pyridoxine. The factor is soluble in ether 
and ethanol and is thermostable. 
Berry, Carrick, Roberts and Hauge (1943) found a growth promoting 
factor, or factors, in whey which was not present in either corn or 
soybean oil meal. Casein was another source for the factor. Novak, 
Hauge, and Carrick (1947) reported. an unidentified growth factor, or 
factors, necessary for chicks in distillers' dried solubles. The 
factor, or f~ctors, is distinct from vitamin A, vita:rnin D, thiamin, 
riboflavin, pyridoxine, pantothenic acid, niacin, choline, biotin, 
folic acid, para-aminobenzoic acid, 2-methylnaphthoquinone and iriosi-
tol. Schumacher, Heuser, and Norris (1940) reported two growth factors 
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required by the chick. Both factors are found in dried brewers' yeast. 
The factors are extracted from yeast with 0.24 N HCl solution and are 
separated by alcohol precipitation upon adjustreent of the pH. One of 
the factors, (Factor R) is soluble in acid alcohol, while the other, 
(Factor S) is precipitated in this solution. 
Zucker and Zucker (1948) folmd an unidentified factor which they 
named nzoopherin.n It was present in 1:20 liver powder, fish solubles, 
and crude casein. They found the factor to be soluble ip water, dilute 
acid and alkali, and dilute alcohol, moderately soluble in 95 percent 
alcohol and insoluble in petroleum ether and ethyl ether. It was 
stable to heat, light and air. 
Recent work showed that certain bacteria require growth factors 
which are also essential for the chick. Mills and co-workers (1942) 
found that the liver fractions which were rich in the norit eluate 
factor also contained the L. casei factor necessary for feather develop-
ment and hemoglobin formation as well as for growth. In feeding chicks 
on a purified diet,.Briggs et al (1943), demonstrated the existence 
of two necessary dietary factors in liver and other materials distinct 
from folic acid. These authors named the factors Vitamin B10 which 
tney found for feather development, and Vitamin B11 which was essential 
for growth. Both factors were soluble in water, alcohol and ammonia 
and precipitated by ethyl alcohol. 
Hogan and Parrott (1940) report.eel finding in liver a factor essen-
tial for poultry which tney called Vitamin Be• It served to prevent 
anemia from occuring in chicks. It was not identified wit~ any of the 
known vitamins. 
In 1944, Hutchings and others isolated a crystalline compo'Wld 
which is active for L. casei and S. lactis R., and is also active 
in the nutrition of the chick. Work by Hutchings, Oleson, am 
Stokstad (1946) showed that the fermentation Lactobacillus casei 
factor and the synthetic liver Lactobacillus casei factor were 
active in promoting growth and hemoglobin formation in the chick. 
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Scott and co-workers (1945) showed that the addition of the L. 
casei factor to a basal ration would prevent the development of a 
certain type of anemia in chicks. 
Stephenson and co-workers (194B) reported finding a factor in 
soil which was necessary for chick growth. An increase in growth 
occuITed by the addition of soil to a soybean oil meal ration. A 
liver fraction was found more effective for chick growth than was 
the soil factor. McGinnis et al (194S) suggested t~t the growth 
promoting factor found in soil might be due to the presence of Bacillus 
subtillis organisms which have been shown to contain a growth promoting 
factor. 
In experimerrting with built-up noor litter, Kennard and Chamberlin 
(1948) pointed out that built-up floor litter served as a potent source 
of the nutritional fact.ors, including the unidentified animal protein 
or vitamin factor(s). Rubin, Bird, and Rothchild {1946) found a 
chick growth factor in the droppings of hens. They believed the growth 
factor was s;rnthesized since it was not in the hen's diet. McGinnis, 
Stevens, and Groves (1947a) were able to stimulate synthesis of an 
unidentified factor, or factors, in hen feces by incubating the feces· 
for seventy-two hours at 30 degrees c. Feces which were frozen follow-
ing collections contained little or none of the factor. Theyconcluded 
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from these results that the synthesis of the unidentified growth 
factor, or factors, in hen feces takes place, at least in most part,· 
after voiding of the feces and not to any extent in the digestive tract. 
Rubin and Bird (1946a) reported a chick growth factor in cow 
IIISJl.ure. The factor in cow manure, when added to an all-plant protein 
diet, gave optimum growth. These authors found that the factor was 
not destroyed when the manure, from which it was obtained, was sun 
dried or oven dried. Hammond {1944) reported that dried.cow manure 
was a good source of riboflavin. Sardine fish n:eal did not supplement 
dried cow manure in supporting growth and feed efficiency. Bird, 
Rubin and Groschke (1948) reported that the growth factor in cow 
manure was soluble in water at a pH of 3.0, if the proteins present 
were previously removed by digestion. The facto:r was soluble in 80 
percent· acetone and oould be· extracted slightly by ra utral ethanol. 
It was stable when autoclaved 2 hours at a neutral pH, but readily. 
destroyed by autoclaving l hour with 2 N acid. Rubin ~d Bird (1946) 
found the factor soluble in 50 and 95 percent alcohol, but insoluble 
in chloroform and ether. Emerson (1948) reported the active .growth 
factor soluble in 75 percent alcohol and insoluble in 95 percent 
alcohol. Stokstad and Manning (1938) reported a factor in alfalfa, 
middlings, wheat bran, and yeast which is required by chicks. They 
found the factor insoluble in ether, acetone and isopropanol, but 
soluble in water and in mixtures of water and methanol. Autoclaving 
yeast did not destroy the grovth factor while ~utoclaving alfalfa did. 
destroy it. 
Riley, HaDIDloJld {1942), and Rubin and Bird (1947), reported an 
androgenic substance in the feces of cows in various stages of 
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gestation and of unbred heifers.· The development of the testes and 
ovaries of chicks was retarded when chi~ks were fed materials contain-
ing the active factor. Feces from mature bulls did not effeDt either 
comb growth or gonadal de"lelopment. Hammond (1942), however, suggested 
that cow manure would not cause deleterious effect on the growth of 
chicks if it is added to a complete and balanced diet. 
The chick growth factor found in cow manure is transmitted by 
the hen through the egg to the chick, Rubin and Bird (1946). The 
factor is not identical with the L. casei factor (from liver, yeast 
or fermentation residues), factors u1 R, S#, Vitamins B10 or B11, 
synthetic folio acid (Lederle) or Pyrotin lactone. In 1947 these 
same workers found that when cow manure was fed most of the factor 
from cow manure was stored in the yolk of the egg. The factor was 
present in the acetone insoluble fraction of the egg yolk. Robblee 
et al, (1948) reported an unidentified factor in condensed fish solu-
bles which increased growth in chicks on a diet adequate in the known 
growth nutrients. The addition of three percent of fish solubles to 
a purified diet resulted in a different growth response than was 
found by the addition of three percent fish solubles to natural rations. 
They observed that the degree of growth response obtained in chicks is 
influenced by the diet fed the hens. Similar reports were made by 
Bethke, Pensack, and Kennard (1947). McGinnis, Stevens and Groves (1947) 
also reported that the need for the factor is influenced by the type of 
diet fed the breeders. When high levels of the factor were fed the 
breeders, a need for the factor in the chick's diet could not be shown. 
Intensive work by Bird, Rubin and Groschke (1947) shows that 
chickens may vary widely with respect to their need for the dietary 
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factor. This variation might be caused by the amount of stored factor 
present or some characteristic which influences their ability to with-
stand the deficiency. They found that tnere was a great variation 
in the hatchability of hens fed a diet containing no anLnal protein 
for 11 lunar months. Hatchability records of 183 hens on this diet 
revealed that 44 percent of the hens showed hatchability figures 
between O and 70 percent, 37 percent showed from 70 to 80 percent 
hatchability, and 19 percent s;:1owed from 85 to 100 percent hatchab,ility. 
They believed that the variability among the hens was an· inb·orn char-
acteristic. Whether the variation of tne progeny was con;enital or 
hereditary was not stated. 
Most research workers found that three percent of fish solubles 
would produce optimum growtll and that no benefits were derived fran 
the feeding of higher levels. However, Lassen and Bacon (1946) re-· 
ported increased growth rates in chicks fed fish solubles at a level 
as high as 12 to 13 percent of the ration without any serious effects. 
In addition to stiinulating growth, fish solubles and other meat 
products have proven beneficial in egg production and i::latchability. 
Deobald, Halpin and Holmes (1937) were able to.increase hat.chability 
of the fertile eggs by the addition of as little as 2 percent meat 
scraps and 2 percent dried milk. 1,fait.son, Titus, and Bird (1946) 
reported that diets consisting largely of corn and soybean meal with 
vitamins and minerals caused a decrease in hatchability. Hatchability 
was increased and seasonal variation was eliminated by the addition of 
the unidentified dietary factor found in cow manure to a corn-soybean 
oil meal ration, Groschke, Rubin, and Bird (1947). Nestler, et al. 
(1936) reported that hatchability was greatly increased by the addition 
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of dried povk liver, green ;rass and meat products to liUl all grain 
ration. They found that the factor was not present to any extent in 
whey. 
Christiansen, Halpin, and Hart (1940) observed that the addition 
of protein supplements of crude casein to a soybean oil meal diet did 
not eli.."llinate the winter slump in hatchability. They were able to 
eliminate the winter. slump, however, by the addition of manganese or 
riboflavin. Wilgus and Jassner (1941) reported poor hatchability and 
high mortality of the chicks hatched from hens on a ration which was 
adequate in riboflavin and manganese1 but did not contain any meat 
scraps. They pointed out that tl1e poor reproduction mjg ht have been 
caused by the goitrogenic effect of the soybeans. Heuser, Norris, 
Lucas, and Combs (1946) were able to increase hatchability in eggs 
from hens on a soybean meal ration by the addition of the known B 
.. ,itamins. They suggested that the unknown factor was synthesized by 
the hens or by microorganisms. Byerly, Titus, and Ellis (1933) using 
diets consisting of cereal grains, were able to increase hatchability 
by letting the hens have access to the range, and by the addition of 
milk and animal proteins to the diet. Parkhurst and Kuzmeski (1944) 
reported that excellent hatcriability was obtained on vegetable diets 
containing 20 percent of distillers' dried grains with as little as 
1.25 percent of flame dried redfish meal. Very poor hatchability was 
obtained from all JrOups receiving diets not containing some ani:nal or 
marine protein concentrate. Parkhurst, Fellers, and Kuzmeski (1945) 
found that fish meal was a more valuable supplement to distillers' 
by-products than ::neat scraps for hatchability and increased efficiency 
of feed utilization. These authors observed that corn distillers' by-
products had little, if any effect on egg quality. 
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Byerly, Titus, and Ellis (1933) reported that diets containing 
proteins from vegetable sources increased the incidence of chondrody-
strophy in the embryos of hens likely to produce such embryos. 
Embryos in eggs from hens on such diets had a high second week mor-
tality. McGinnis and Carver (1947) reported high mortality in chicks 
produced from hens fed soybean oil meal plus 1.7 percent fish meal. 
A supplement of 4.6 percent of fish solubles to the soybean oil meal, 
however, permitted storage in the egg sufficient to meet the requ~e-
ment for maximum growth and livability. 
Observations were made by Bethke and co-workers (1946) on the 
influence of nutrition to production and hatchability. They stated 
that soybean oil meal diet may be satisfactory for egg production)but 
is deficient in a factor, or factors, essential for good hatchability. 
The growth factor was present in meat scraps, menhaden fish meal, and 
dried skim.med milk. Further work by these authors (1946, 1947) showed 
the factor to be present in meat scraps, dried pork liver, liver ex-
tract and condensed fish solubles. These supplements increased the 
hatchability of eggs when added to the all-vegetable breeder ration. 
Choline Chloride and d.l. methionine, either alone or in combination, 
did not improve hatchability. The factor was found in sardine fish 
meal and was not pantothenic acid, niacin, pyridoxine, folio acid, L. 
casei factor, or biotin. 
Gillis, Heuser, and Norris (1942) reported that a factor, or 
factors, present in liver extract had little or no effect on hatch-
ability except in the presence of pantothenic acid. The addition of 
pantothenic acid alone to the basal diet increased hatchability from 
zero to 10.JO percent. When it was added to the basal diet along with 
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the factor, or factors, in liver extract, hatctiability was increased 
to 50-60 percent. .These authors concluded that pantothenic acid and 
the factor in liver were essential for hatchability. 
McGinnis, Heuser, and Norris (1944) noted that the factor was 
not present in dried brewers' yeast and was different from Choline. 
Hatchability was increased by the addition of 3 percent of meat scraps 
or 0.2 percent of liver paste. 
Petersen, Wiese, and Lampman (1948) reported better hatchability 
from hens which had access to an open pen, than was obtained from hens 
receiving the same vegetable diet in cages. Evidently the hens in open 
pens were obtaining some essential factor by caprophagy. The addition 
of meat meal and herring fish meal i.'llproved the hatchability of the 
eggs from hens in open pens. This was in agreement with earlier work 
reported by Rubin, Bird, and Rothchild (1946), Kennard and Che:mberlin 
(1948). Bird and Marvel (1943) were able to increase hatchability by 
adding 10 percent of dried feces to the ration. Since one would expect 
less bacterial synthesis in feces during the winter than in the summer, 
they concluded that the failure of hens to receive any benefit from 
the feces during the winter would possibly be responsible for the 
seasonal variation. Whitson, Titus, and Bird (1946) found that the in-
clusion of 8 percent of dried cow manure to a soybean meal diet had no 
effect on egg production,but it did increase hatchability and largely 
eliminated the seasonal variation in hatchability which was present in 
hens on the basal diet. Similar results were shown by Bird, et al.(1946). · 
These authors suggested that the same deficiency in a diet which causes 
low hatchability, could also cause low viability of the chicks. 
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It is believed by some workers that chick age has an influence on 
the chick's requirement for the unidentified factor. Heuser and Norris 
(1944) reported that in order to obtain optL~um growth and efficient 
feed utilization in chicks up to 8 weeks of age, a soybean oil meal 
protein ration should contain a minimum of 2 to 3 percent animal 
protein, such as, fish meal, meat scrap, or dried skimmilk. After two 
months of age, a smaller amount of aninal protein will produce satis-
factory results. Wilgus and Zander (1945) showed in one experiment 
that egg production was satisfactory from hens on a soybean oil meal 
ration. In another experLnent, however, the onset of production was 
retarded when birds were reared and maintained into the laying period 
on the soybean oil meal ration. These authors advised the addition of 
5 percent of meat and bone scraps to the mash in order to provide sat-
isfactory production and reproduction. 
Brant and Carver (1947) ran an experiment on chickens from one day 
of age through the first laying year in order to see what effect soy-
bean oil meal, as a protein supplement, would have on growth and repro-
duction. They found that soybean oil meal as the sole source of protein 
failed to give optL7llUill growth up to 8 weeks of age; however, results 
obtained from 8 to 20 weeks indicated that growth and ·development 
during the laying period of the same hens were comparable to the re-
sults obtained from hens whose diets contained soybean oil meal in com-
bination with fish TIBal, meat scrap, and fish !!Bal plus cottonseed meal 
during the first 8 weeks of age. Bird and co-workers showed that the 
addition of 4 percent of fish neal to the diet during the first 8 weeks 
of the growing period did not improve the growth rate, age of sexual 
maturity, or subsequent egg production in hens any more than it did 
from hens which did not receive the fish IJBal during the first 8 
weeks. 
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Some workers believe that the unidentified factor necessary for 
growth, reproduction and liv~bility in the chick is also associated 
with the factor necessary for reproduction and.JAo.tation in animals. 
Ross, Phillips, and Bohstedt {1942) found that a diet of corn-soybean 
meal was not adequate for lactation in rats or for the growth of the 
fetus. Similar findings were reported by Cunha (19~). Spitzer and 
Phillips (1946) noted that plant rations failed to support normal re-
production and lactation in rats. More than 35 percent of the females 
fed the basal ration were completely sterile. Reproduction and lacta-
tion was improved by the supplementation of additional alfalfa ITBal, 
ls20 liver po'Wder, a combination of casein (crude or acid-washed) plus 
Choline, or fish meal. Krider, et al, (1946) observed that condensed.:: 
fish solubles and rye pasture contained a factor, or factors, which was 
transferred through the sows milk to the nursing pigs. 
Cary and co-workers (1946) found that rats from mothers fed on a 
deficient diet grew slowly on a diet adequate in all known nutrients. 
The addition of a liver extract gave normal .growth. The factor (x) 
was water-soluble, dialyzable and precipitated with ammoniom sulfate. 
Bowlam, Ensminger and Cunha (1948) found that a purified ration con-
taining six of the B-Complex vitamins, the alcohol-soluble liver 
fraction, folic acid, biotin, inositol, para-aminobenzoic acid, and 15 
percent of dehydrated alfalfa failed to give optimum growth in rats. 
They concluded that rats require one or more unknown factors for 
growth in addition to the ten known B-complex vitamins. 
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The unknown factor(s) obtained from the liver fraction, and 
essential for the chick, gave no supplemental effect to the rat. 
These authors suggested that a different factor(s) was concerned in 
the growth of the rat or else the factor(s) differs in its availability 
to the chick and rat. 
Zucker and Zucker (1948) found that rats were carried through 
pregnancy and lactation on a well fortified plant ration consisting 
of cottonseed IIBal. They observed from the weight of the mother and 
offspring that lactation was normal. When soybean meal was substituted 
for the cottonseed meal, lactation was depressed. If females·were 
maintained on the cottonseed rie al diet for many months and then bred, 
there was high mortality and poor pre-weaning growth of the offspring. 
Reports from Merck•s Laboratories (Rickes et-al~ 1948) indicated 
that Vitamin B12 might be the long sought for growth factor. Even 
though experllnental work pertaining to this vita.1nin has been done ori 
human subjects, there are reasons to believe that Vitamin B12 could 
be very closely associated, if not, identical with the factor, or 
. factors, many workers have encountered. 
Vitamin B12, a crystalline compound in the form of red crystals, 
was obtained from liver by Rickes et al. (1948). ExperL1ents carried 
on by Rickes et al.(1948) and West (1948) s.i:lowed that the substance 
is active in controlling the hematological manifestations of Addisonion 
pernicious anemia. 
Shorb (1947) in an attempt to find a microorganism that might 
require a rat growth factor found in liver extracts, certain caseins 
21 
and in some foodstuffs, found that La.ctoba.cillus lactis Dorner required 
the presence of two unidentified factors for growth in an amino acid 
basal medium containing all the synthetic B vitamins. One factor, 
present in clarified tomato juice (TJ) was also found in low amounts 
in casein and in 1:)lB.IlY other substances, while the second heat-stable 
factor (LLD) was found in highest concentrations in the liver extracts 
active for rat growth, but not in casein or casein hydrolysates. Since 
the LLD factor was found in liver extracts and its concentration was 
similar to the factor used in the treatment of pernicious-anemia, it 
was suggested that the LLD factor might be the therapeutically active· 
principle in these extracts. 
West {1948) showed hematological response resulted when four 
patients who had pernicious anemia were injected with impure amorphous 
concentrates containing 20,000 - 40,000 LLD units. A rise in reticu-
locytes, red blood cell count, and hemoglobin indicated that the treated 
patients were recovering from the anemia. The rise in white cell and 
platelet .count had risen from 120,000 to 340,000. Results obtained 
by the ad.ministration of the TJ factor to anemic patients indicated 
that it had no function in the treatment of P3 rnicious anemia. 
Dakin, Ungley and West {1936) confinned their earlier reports 
that hematopoietic substances in liver are associated with a peptide, 
possessing many properties of albumase. This might have been assoc-
iated in part to the now known Vitamin B12. 
Nichols, Robblee, Cravens, Elvehjem {1947) found that concentrated 
pernicious anemia preparations were highly active in promoting growth 
in the chick. It was found more active than crude liver preparations 
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and showed greater activity when injected than when given orally. 
Five-hundredths, or 1 U.S.P. unit per day, per chick, gave a maximum 
growth response. No difference in hemoglobin levels were found in any 
of the groups of chicks tested. Results showed that it is soluble in 
70 percent alcohol and precipitated with 95 percent alcohol. 
Rubin and Bird {1946a, 1946) showed that the growth factor present 
in cow manure was likewise soluble in water, 50. percent ethyl alcohol, 
and 95 percent ethyl alcohol. Growth responses from test indicated 
that the growth factor may be identical with the crystalline Vitamin 
B12• 
Rickes, et al.(1948), and Ansbacher (1948) suggested that the LLD 
factor was identical with Vitamin Bl2• These authors found the LLD 
factor in fairly high amounts in a papain digest of the acid precipi-
tate of cow manure, fish meal, pancreatin, papain, egg white, and in 
lower amounts in alcoholic extract of whey, soybean oil meal, gelatin, 
zein, and mylose p. enzyme. The TJ factor activity as reported by Shorb 
(1948) was also found in most of the same materials. The distribution 
. of the LLD and TJ factor activities in these materials suggest that 
they may be involved in chicken nutrition. · 
The growth-promoting effect of crystalline Vitamin B12 was compared 
with that of a liver cqncentrate used as an arbitrary standard for the 
LLD factor assay. The standard was assigned a potency of 1,000 units/mg. 
On this basis, the potency of Vitamin B12 was found to be about ll,000,000 
units/mg when a 23 hour growth p:3riod was employed and about 17,000,000 
units/mg with a 42 hour growth period, {Shorb, 1948). 
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Rickes, Brink, Koniuszy, Wood, and Folkers, (1948) isolated a red 
crystalline compound from Streptomyces griseus, a microorganism which 
Shorb had reported as showing Lactobacillus lactis activity. The 
vitamin B12 crystals were compared with those isolated from Strep-
tomyces griseus. When heated on the micro-stage; the crystals from s. 
Griseus lost their red color at about 212° and did not _melt up to 320°. 
Crystalline B12 similarly darkened to black at 210-220° and did not 
melt below 300°. The crystals, after drying, were found to liave refrac-
tive indices of 1.619 (alpha), 1.649 (beta), and 1.659 (ga.Illlna,), which 
are in agreement with indices of 1.616 (alpha), 1.652 (beta), and 
1.664 (gamma) for Vitamin B12. Emission spectrographic analysis of the 
crystals reyealed the presence of cobalt and phosphorus, as it did for 
crystalline B12, (Rickes et al, 1948). Solubility tests showed that 
the crystals and crystalline B12 had approximately the same solubility· 
in 80 percent acetone. They showed optimal "an:L-nal protein factor" 
activity for the chick at a level of JO micrograms per kilo of diet, 
which was comparable with that found by Ott, et al.(1948) for Vitamin 
B].20 As little as 6 gamma per kilo of diet did stimulate growth. 
West (1948) tested these crystals and foun:i that the clinical response 
in pernicious anemia parallels that shown by Vitamin B12• These com-
parative data are evidence that the crystals from the microbiological 
source and Vitamin B12 are identical. 
Rickes, Brink, Koniuszy, Wood and Folkers, (1948) stated that 
Vitamin B12 appears to be a cobalt coordination complex which, having 
6 groups about the cobalt atom, could involve one or more organic moieties. 
The red color of Bl2 appears to be at least in part associated with its 
cobalt complex character. The presence of cobalt in Vitamin B12 reflects 
significantly upon many biological studies which have sha.rn that cobalt 
is an essential trace element in nutrition, and i;:erhaps upon suggestions 
concerning cobalt as a trace contaminant in iron therapy of anemias. 
Cobaltous ion (1 microgram/ml) was without activity for L. lactis 
as contrasted with the high potency of B12, (0.000013 micrograms/ml, 
half maximal growth). 
Spectrographic examination of B12 also showed the presence of phos-
phorus. Although nitrogen was found to be present, tests for sulphur 
were negative. 
Vitamin B12 in 0.015 N Sodium hydroxide solution (0.2 micrograms/ml) 
was inactivated (microbiologiaal assay) at room temperature as follOW$: 
20% (0.67 hr), 45% (6 Hrs), 90% (23 hrs), and 95% (95 hrs); it was in-
activated in 0.01 N. hydrochJoric acid solution (10 micrograms/ml) as 
follows: 18% (J hrs), 75% (23 hrs), and 89% (95 hrs). 
Smith (1948) was able to detect cobalt in cr-.rstals by the borax 
bead test. Colorimetric estimation with nitroso-B-Naphthol showed the 
presence of 4.0 percent of cobalt crystals dried in vacuo at 56° C. 
If eaoh molecule contains one atom of cobalt, the molecular weight of 
the compound is about 1,500. The same author f'o1md that the molecule 
contains three atoms of' phosphorus. 
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ME.l'HOD AND PROCEDURE 
A short assay method as recommended by Birdl was used in this 
study. £he assay procedure is outlined below •. 
Day old chicks were wing banded and placed in an Oakes gas heated 
battery brooder. In order to deplete the chicks of the stored factor(s) 
the basal ration (no. 1) was fed for a two week pre-assay period. 
water and mash were supplied ad libitum.. 
Since most workers nave used corn-soybean rations for their assay 
work, it was thought advisable to use a similar ration in order to have 
a basis for comparing results. 
Basal Ration No. 1 for Chicks 
Ground Yellow Corn 
Alfalfa Leaf Meal 
Soybean Oil Meal 
Distillers Solubles 
Steam Bone Meal 
Ca Co3 
Salt 
Vitamin A and D Feeding Oil 
(3000 A, 400 D) 
.4 oz. Riboflavin 
Analysis2 of Basal No. 1: 
Water Ash Protein Fat Fiber N.F.E. 













2Analysis made through courtesy of Dr. V. G. Heller, Ao~icultural Chem. 
Research Department. 
26 
Calculated Amino Acid Composition of Basal Ration No. 1: 
Arginine L.ysine Methionine Cystine Tryptophane Glycine 
1.519% 1.388% 0.523% 0.414% 0.293% 3.559% 
At the end of the second week the chicks were weighed. The weight 
of the chicks was determined and an upper and a lower weight liiuit de-
cided upon. This was usually plus or minus 20 grams. Chicks within 
these limits were selected at random and distributed into the various 
assay lots. These lots were housed in a warm-shaft electrically !Bated 
brooder. From 11 to 14 chicks comprised each lot. 
Materials. to be assayed were added to the basal ration.and fed 
during the third week to the various assay lots. The rations contain-
ing the different supplements to be tested were randomly assigned among 
the several lots of chicks. 
All experiments were terminated at the end of the third week. 
Ea.ch chick was weighed and the average weight for each lot found. Sex 
was determined and the average weights weighed in proportion to the 
number of males and females. The average increase in weight for each 
lot during the third week was the criteria used to measure the potency 
of the supplement tested. A record of mcrtality was kept during the 
first two weeks of each Experiment. Feed cohsu.mption records were kept 
during the third week only. This method, according to Bird and others, 
will satisfac~orily measure the growth response obtained from any sup-
plement added to the basal ration. 
Fish solubles3 in all cases were fed at a level of 3 percent. 
Extracts and.precipitates were fed at an equivalent level, except as 
3Fish solubles furnished by the courtesy of Borden and Company, 
and James H. Seley and Company. 
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sho'Wil. otherwise under each Experiment. The liquid fraction in each 
experiment was added to the feed and the excess moisture eliminated 
by drying the mash in a dryer at approximately 100 degrees F. The 
fish solubles used in Experiments 1, 2 and .3 were from a different 
source than that used in Experi.11ents 4, 5 and 6. Feeding trials in 
Experiment 4 showed that the feeding value of the fish solubles from 
the two different sources was comparable. 
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EXPERIMEm' 1 
The chicks used in ExperL~ent 1 were from Single Comb Rhode Island 
Red breeder hens which had been on an all-vegetable protein ration 
(Basal No. 2) for at least two months prior to the tirne eggs were 
saved for hatching. Rhode Island Red cocks were rotated at three week 
intervals in the breeding pens. 
Basal Ration No. 2 for Breeder Hens 
Ground Yellow Corn 
Alfalfa Leaf Meal 
Soybean Oil Meal 





Vitamin A and D Feeding Oil 










Extracts of fish solubles were prepared using water, 10 percent 
methanol, and 20 percent methanol. Two parts of fish solubles and one 
part of distilled water or alcohol solution were mixed in a Waring 
Blender for five minutes. The mixture was then centrifuged in an angle 
head centrifuge. Three distinct layers separated out. These were a 
liquid layer, a fat-like layer, and a solid clay-like residue layer. 
Each layer was care:f'ully separated from the others by decanting and 
scrapping with a spatula. This extraction procedure was repeated six 
times. The soluble fraction was a clear, brownish color liquid. The 
different fractions were stored in a refrigerator with a temperature 
range of 30-45 degrees F. until they were added to the ration. 
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Feeding tests were made using the three fractions from each of 
the solvents. The average gains for each lot dur:ing the third week, 
and the pounds of feed consumed per pound of gain, are shown in Table 1, Fig. 1, 
Analyses~ of the fish soluble fractions used are given in table 1 a. 
From the results obtained, it :is evident that the water soluble 
fraction of the fish solubles contained the ngrowth promoting" factor. 
Mortality on 262 chicks during the two week pre-assay depletion, 
period was 27.5 percent. 
Table 1 
Lots Supplements Ave. Gain Lbs. Feed/ Jrd Week Ill:! C'~jJ:J 
1 Regular chick starter 55.8 gms. 3.57 
(Mash used by Poultry Dept.) 
2 Basal 31.9 4.18 
3 Basal f 3 percent fish solubles 75.8 2.29 
4 Basal f water extract of· fish solubles 70.5 2.15. 
5 Basal f fat from fish solubles 31.6 5.12 
6 Basal f residue from fish solubles 32.4 4.54 
7 Basal f 10 percent methanol extract 56.1 · 2.86 
8 Basal f fat from 10 percent methanol ~xt. · 36.4 3.16 
9 Basal f residue from 10 percent 
methanol extract 33.5 4.09 
10 Basal f 20 percent methanol extract 62.0 2.74 
11 Basal f fat from 20 percent methanol ext. 48.4 2.86 
12 Basal f residue from 20 percent 
methanol extra~t 33.7 3.82 
4Analyses made through the courtesy of Dr. Robert MacVial.nt .' 





















Analyses of extraction made with fat and residue left together are: 
Water soluble 







A second group of chicles were hatched from the breeder hens after 
they had been fed an all-vegetable protein diet (Basal No. 2) for 2t 
months. Hatchability on this group was 48.25 percent. Mortality 
during the first two weeks was 68.29 percent. It reached a maximum 
between the 5th and 10th days. A veterinarian examined the chicks, 
ran bacterial cultures, and made ancautopsy. His report was general 
weakness and lack of nourishment. Food was present in the stomach 
and intestines of the cnicks. Some secondary infection was observed. 
Chicks appeared weak and inactive at hatching time. Extreme pasting-
up was observed in the chicks, starting about the sixth day. Eyes 
were pale and sunken. Most of the chicks showed nonnal eating habits. 
r 1 
.&wrap gain 1n weight. dD1"1nc third week in gra• Pounds or reed per pound or gain 
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Regular chick starter 
Basal 
Basal+ '3'/. tiah aolublea 
Basal+ water soluble .extract of 
tiah solubles 
Basal+ fat troa tiah aolublN 
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Basal + 10% •thanol extract 
Basal + tat from 1~ methanol extract 
Basal + residue troa 1~ •tbanol 
·extract 
Basal+ 2CJ1. methanol extra~ 
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EXPERIMENT 2 
The chicks used in Experiment 2 were of the same oriJin as those 
used in Experiment 1. Since ci.1ick mortality had been very high in 
the previous trial, one percent of fish solubles was added to the 
basal diet (No. 1) for the first week of the pre-assay feeding period. 
The basal ration without the supplement was fed during the second week. 
Five-tenths percent of fish solubles had been added to the breeder 
mash (No. 2) in an attempt to increase hatchability. Mortality on 
202 chicks during the first two weeks was 27.04 percent, as compared 
to 68.29 percent in the previous trial. 
In exper~nent 2, attempts were ma.de to precipitate the active 
factor from the water solution as obtained in ExperL11ent 1. A 0.1 M 
solution of ammonium hydroxide and a 0.1 M solution- of ferric chloride 
were used. Each precipitate was washed with the solution used to pre-
cipitate the factor, dried in a dryer, and fed in powder form as a 
component in the mash. The rates of growth obtained by feeding the 
a.m..11onium hydroxide and ferric chloride precipitates are shown in Lots 
3 and 4, Table 2, and Figure 2. These precipitates gave an increase 
in growth during the third week of 34.4 and 25.7 grams, respectively; 
whereas, the basal gave an ~crease of 37 .3 grams. This would indicate 
that the growth factor was not precipitated out and was left in the 
combined ammonium hydroxide and ferric chloride filtrates which gave 
an increase in growth of 59.0 grams (Lot 5). 
In Lot 6, the water soluble fraction was first acidified with 
0.1 M Sulfuric acid before precipitating with ferric chloride. Little, 
if any, stimulation of growth was obtained by this precipitate. The 
33 
result obtained by feeding the· filtrate (Lot 7) shows that the factor 
. was not precipitated out by ferric chloride in an acid pH. The regular 
chick ration (Lot 10) which contained meat scraps, gave very little 
growth stimulation. Apparently this ration was low in some factor 
essential for Jrowth. 
As in Experiment 1, the water soluble fraction of the fish 
solubles (Lot 2, Table 2, and Figure 2) brought about an increase in 
the rate of growth. The residue, however (Lot 1) gave even less growth 
than did the basal itself (Lot 9). The efficiency of feed utilization 
was comparable in Lot 2 which contained the water soluble extract and 
in Lot 8 which contained the fish solubles, but greater than the basal 
itself (Lot 9). The pounds of feed per pound of gain in the three 
lots were 2.70, 2.55, and 4.02, respectively. 
Table 2 
Lots Supplements Ave.Gain Lbs. Feed/ 3rd Week Lb. Gain 
1 Basal f residue from fish solubles 28.4 gms 5.71 
2 Basal f water extract from 3 percent 
fish solubles 67.6 gms 2o70 
3 Basal f NH40H ppt. from water extract 34.4 gms 4.21 
4 Basal f FeOl3 ppt. of water extract 
(acid pH) 25.7 gms 5.44 
5 Basal f Filtrates from Lots 3 and 4 59.0 gms 2.31 
6 Basal f Fee~ ppt. (first acidified 
with O.l H~o4) 44.2 gms 4.33 
7 Basal f Filtrate from No. 6 57.l gms 2.94 
8 Basal f 3 percent fish solubles 73.3 gms 2.55 
9 Basal 37.3 gms 4.02 
10 Regular chick ration 40.8 gms 3.93 
, 2 
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EXPERIMENT 3 
The chicks used for Experiment 3 were from breeder hens considered 
to be on an adequate, well balanced breeder ration. Half of the chicks 
were Single Comb Rhode Island Reds and half were New Hampshires. One 
percent of fish solubles was added to the basal ration (No. 1) for the 
first week. The basal ration without the supplement was fed during 
the second week. Mortality for the first two weeks was 10.9 percent, 
with 216 chicks on feed. 
Precipitates of ferric chloride were again fed as in Experiment 2. 
However, the filtrates from each were fed separately instead of being 
combined. The precipitates of arrrmoniu."'ll hydroxide and ferric chloride 
failed to stimulate the rate of gain to any appreciable extent over 
that obtained by the basal (Lot 10). However, the a.m.~oniurn hydroxide 
and ferric chloride filtrates (Lots 6 and 8) gave an increase in f:,Towth 
of 67. 5 and 54. 7 gra,ns, respectively; whereas the growth increase from 
the basal was 37.3 grams. 
The growth response in Lot 1 was obtained by the addition of O.l 
gram of anthronilic acid per pound of feed. Reports indicate that 
anthronilic acid was administered to Japanese women in order to in-
crease lactation. Since some workers believe the factor which increases 
lactation is also associated with growth, this acid was fed in order 
to see if a stimulation of growth could be obtained. From the data 
presented, anthronilic acid apparently depresses growth at the level 
tested. 
In lots 2 and 3, water soluble extracts of fish solubles were fed 
at levels of 6 and 0.6 percent, respectively, to determine what effect 
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different levels would have on the rate of growth. The supplementa-
_ tion of 6 percent in Lot 2 gave an increase in growth of 72.9 grams. 
In Lot 9, which was supplemented with 3 percent of fish solubles, an 
increase in growth of 78.0 grams was obtained. Lot 3, with a level 
of o.6 percent fish solubles added to the basal, gave an increase in 
weight of 52.0 gra..'llB. This indicates that a supplement of 3 percent 
of fish solubles to this basal approaches the level for optimum growth. 
The regular chick starter used in Lot 4, which contain~d dried 
buttermilk and meat scraps, gave an increase in growth of 73.0 grams 
when supplemented with 3 percent fish solubles. The regular unsupple-
mented chick ration (Lot 10, Table 2, ar:rl Fig. 2) had given an increase 
of only 40.8 grams. Apparently the extra growth response obtained in 
Exper~nent 3 was due to the supplementation of 3 percent fish solubles 
or a growth factor na.d been transmitted from the hen to the chicks. 
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Table 3 
Lots Supplements Ave. Ga.in Lbs. Feed/ 3rd Week Lb. Gain 
1 Basal f Anthranilic acid, 0.1 gm/lb. 24.7 gms. 5.93 
2 Basal f equivalent 6 percent water 
soluble extract 72.9 1.61 
3 Basal f o.6 percent fish solubles 52.0 2.87 
4 Regular chick ration f fish solubles 73.0 2.30' 
5 Basal f NH40H ppt. 40.0 2.95 
6 Basal f filtrate from No. 5 67.5 2.21 
7 Basal f FeCl3 ppt. (acid pH) 45.5 2.90 
8 Basal f filtrate from No. 7 54.7 2.58 
9 Basal f fish solubles 78.0 2.21 
10 Basal 37.4 2.80 
Analyses of the precipitates and the filtrates from Lots 5, 6, 

















Ash Content · 
of Dry Hatter 
3.31 
4.89 
,,..... pin 1D •ilh' duriq third --~in gram Pounds ot teed per pound or gain 
Lot 1Q 2A 30 l,Q 5Q 60 7P '; 
. 1 
2 .............................. ... 
)--------
. 4 ----------
:1 ____ _ 
, ______ _ 
.. 8 ___ ... ____ _ 
9 _____ .... _____ _ 
10' ._ ____ _ 
Baul + an~ilic acid, o. 1 gra./ lb. · 
ot teed 
Basal+ equivalent 6% water aoluble 
erlraot o.t tab aolublea · · 
BaNl + o.6~ tiah solubles 
Regular chick ration + tiah aoluble• 
Basal+ IH40B ppt. 
, 
Basal- + filtrate trom Lot 5 
Baal+ Peel, ppt.. (acid pH) 
Bual+ filtrate troa Lot 7 
Bahl + 'Jf. tab eolublea 
Baed 
. - ~ - I -
I I I I I I 
. 
I I I I I I 
39 
EXPERIMSIT 4 
Chicks for this Experiment were from the same breeder hens as 
were used in Experiment 1 and 2. The breeder ration (No. 2) was sup-
plemented with 0.5 percent of fish solubles. For the first week the 
chick•s basal ration was supplemented with one percent fish solubles. 
Straight basal mash was used during the secorrl. week. Mortality on 132 
chicks for the first two weeks was 11.4 percent. 
The water extracts of fish solubles were concentrated under 
partial vacuum in order to simplify fractionations. This was done at 
a temperature of 55 to 60 degrees C. Atte1npts were made to d ialyze 
the "growth factor" or "unidentified factor" throu3h a cellophane mem-
brane. A small a11ount of the water soluble extract was put into a 
short section of the cellophane bag. Then the bag was placed in a 
beaker of distilled water. The ends of tl1e cellophane bag were tied 
firmly over the top of the beaker containing the distilled water. The 
water: surrounding the cellophane bag was changed every 24 hours. This 
procedure was repeated eight times and the total amount of dialyzed 
material reduced under partial vacuum for feeding. Results (Lot 4, 
Table 4) indicate that the factor essential for growth was dialyzed 
through cellophane. Little, if any, growth resulted from the portion 
which did not dialyze through the cellophane (Lot 5., Fig. 5). 
Since it is a recognized fa.ct that some materials can be precipi-
tated out by changing the electrical charge on its particles, an 
apparatus was set up in order to see what effect electrolysis would 
have on the unidentified factor(s). Two cellophane bags containing 
distilled water were placed in a beaker containing the water soluble 
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extract. A positive electrode and a negative electrode were 1nade from 
nickel wire ar:d coiled to increase the surface area. The two electrodes 
were placed in the cellophane bags containing the distilled water. The 
machine discharged 18 volts of direct current at each electrode. The 
contents of each cellophane bag was changed three different tL~es 
after remaining in the set up from 10 to 12 hours. Appare~tly the un-
identified factor(s) was not concentrated at either electrode (Lots 1 
and 2) as shown by the growth obtained. Some of the factor might have 
been d estroyed by this procedure. Some stimulation of growth· did occur 
in the fraction which did not pass through the membrane by electrolysis 
(IPt 3); however, this is less than would be expected unless some of 
the factor had been destroyed. T!J.is assumption seems justifiable 
since the growth response in IPt 3 was less than that in Lot 4. 
Fish solubles and the water soluble extract gave an increase in 
growth of 57.9 and 25.4 grams, respectively, (Lots 7 and 8). The 
difference in growth response obtained in Lots 7 and 8 cannot be 
accounted for unless it was because the water soluble fraction had 
been stored in a cooler for a period of three months. The basal 
(IPt 6) produced an average gain of only 15.8 grams. 
The chicks in Experiment 5 consumed about half as much mash as 
did the sarne number of chicks on previous experiments during the 
third week. The feed consumption might have been influenced by the 




Ave. Gain Lbs. of Feed/ 
3rd Week Lb. of Gain 
1 Basal f material accumulated at 
positive electrode 12.2 grns. 5.77 
2 Basal f material accumulated at 
negative.electrode 16.0 gms. 6.57 
3 Basal f material which did not pass 
through membrane by electrolysis 22.5 grns. 4.40 
4 Basal f material of water soluble 
extract which dialyzed through 
membrane 34.0 gms. 4.93 
5 Basal f material which did not 
dialyze 17.4 gms. 5.52 
6 Basal 15.9 gms. 5.71 
7 Basal f 3 percent fish solubles 57.9 gma. 1.89 
8 Basal f water soluble extract 25.4 gms. 3.03 
Awnce -pm in.,~ c!uriAc third -...k· 1n gra• PoUDde or teed per poUDd or gain '°' 10 ?D 
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EXPERIMENT 5 
Chicks used in this ExperL~ent were from Rhode Island Red breeder 
hens considered to be on an adequate, well-balanced ration. For the 
first week the chick's basal ration was supplemented with one percent 
of fish solubles. Straight basal mash was used during the second week. 
Mortality during the first two weeks was 14.4 percent. 
Various research workers have reported the precipitation of the 
unidentified growth factor(s) by the use of alcohol. In this Experi-
ment two different concentrations of water soluble fractions were used 
in an attempt to precipitate the active factor. One fraction was not 
concentrated, while the other was concentrated under partial vacuum. 
Sixty percent ethanol was added to the water soluble fraction of each. 
The filtrate from the uncondensed portion (Lot 1) shows increase in 
growth of 45.8 grams during the third week. The 60 percent alcohol 
precipitate (Lot 2) gave an increase in growth of 49.5 grams. In the 
portion concentrated under vacuum, the filtrate (Lot 5) and·the pre-
cipitate (Lot 6) gave an increase in growth of 51.6- and 51.8 grams, 
respectively. Since the filtrate and precipitate of each portion gave 
almost the sa..-rne increase in growth, it appears that some of the factor 
was precipitated and some remained in solution. 
In another procedure 70 percent ethanol was added to the water 
soluble fraction of both the uncondensed and condensed portions. The 
filtrate of the uncondensed portion, which was fed to Lot 3 gave an in-
crease in growth of 51.6 grams; whereas the precipitate (Lot 4) gave 
a growth increase of 31.9 grams. The results in growth obtained by 
feeding the filtrate and precipitate from the condensed portion are 
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shown in lots 7 and 8, respectively. An increase in weight of 71.8 
grams occurred in the filtrate (Lot 7); however, the precipitate (Lot 
8) gave an increase in growth of only 30.8 grams. This indicates in both 
the condensed and uncondensed portions that the factor was not precipi-
tated by 70 percent ethanol. The precipitates (Lots 3 and 8) gave 
even less growth than did the basal itself (Lot 11:, Fig. 5}. 
The rate of growth obtained by feeding the 80 percent alcohol 
filtrate and precipitate from the concentrated portion of the water 
soluble fraction are presented in Lots 9 and 10, respectively. Again 
the alcohol seemed to precipitate part of the growth factor. The fil-
trate (Lot 9) gave an increase in growth of 65.2 grams, and the pre-
cipitate (Lot 10) an increase of 49.1 grams. 
Comparable growth rates were obtained by the fish solubles from 
different sources (Lots 12 and 13). The first source, Lot 12, gave 
an increase in growth of 65.2 grams and the second source, 69.7 grams. 
The small difference could be due to normal variation. The regular 
chicle ration used in this Experiment, Lot 14, brought about an in-




Ave. Gain Lbs. of Feed? 
3rd Week Lb. of Gain 
1 Basal f filtrate of 601, ethanol 
added to water soluble fraction 45.8 3.97 
2 Basal f precipitation from Lot 1 49.5 4.04 
3 Basal f filtrate of 70 percent 
ethanol from water soluble 
extract 51.6 3.52 
4 Basal f precipitation from Lot 3 31.9 5.41 
5 Basal f filtrate of 60% ethanol 
added to (concentrated) water 
soluble extract 51.6 3.52 
6 Basal f precipitation from Lot 5 51.8 4.12 
7 Basal f filtrate of 7CY%, ethanol 
added to (concentrated) water 
soluble extract 71.8 3.16 
8 Basal f precipitation from Lot 7 30.8 5.31 
9 Basal f filtrate of 80% ethanol 
.added to (concentrated) water 
soluble extract 46.J 4.12 
10 Basal f precipitation from Lot 9 49.1 3.51 
11 Basal 34.2 6.11 
12 Basal f JI, fish solubles (first 
source) 65.2 3.48 
13 Basal f JI, fish solubles (second 
source) 69.7 3.26 
14 Regular chick ration 69.l 3.42 
F_ 
Average pin 1n weight during third week in grallll!I 
Lot. ____ j_0___2') __ _30_. __ -1t0~-50 6o 70 80 
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EXPERIMENT 6 
Chicks for this experiment came from a flock of Barred Plymouth 
Rock Breeder hens which were fed a breeder mash considered to be ade-
quate and well balanced. A pre-assay depletion period of only 12 days 
was used in this experL~ent instead of the usual 14 days as was done 
in the five previous experLnents. Mortality on 358 chicks for the 
first 12 days was 13.7 percent. 
A review of the literature indicates that growth is stimulated 
by the feeding of B-Complex vitamins as a supplement to an all-vege-
table protein ration. Therefore, B-Complex vitamins were added to 
basal No. 1 in order to eliminate any possibility that a deficiency 
of these vitamins was depressing growth. 
The following B-complex vitamin supplement was added to all rations 










Milligrams of Vitamins 









A water soluble fraction of the fish solubles was prepared, 
dialyzed, and concentrated as outlined in Experiment 4. 
The results of Experiment 6 are su."IJlrlla.rized in Table 6 and Figure 
6. _Vitamin B125 was fed as a supplement in Lots 2, 5, 6, and 8 at 
a level of 7.5 grams per 1000 grams of feed. This level as reported 
by Merck•s La.boratories6 is the equivalent of 3 percent of fish sol-
ubles. Since workers believe that Vitamin B12 was fed to determine 
if the growth obtained by feeding it would be comparable to the growth 
response obtained by feeding the unidentified growth factor found in 
fish solubles. 
The average chick weight obtained by feeding the basal ration plus 
the B-complex vitamin supplement (Lot 1) was 31.7 grams. Chicks on 
this diet required 5.16 pounds of feed per pound of gain. In Lot 2, 
Vitamin B12 was added to the basal ration containing the B-complex 
vitamins. The gain in wei,~ht (Lot 2) was 56.4 grams with only 3.30 
pounds of feed conswned per pound of gain. The growth response obtained 
by feeding the dialyzable material from the water soluble extract (Lot 
3) was 52.5 grams. This shows that the factor is the dialyzable portion 
of the water soluble fraction gave a growth increase comparable to 
that obtained from the addition of Vitamin B12 to the basal ration. 
The economy of gain between the two lots (Lots 2 and 3) was nearly 
identical. The growth increase obtained by feeding the undialyzable 
portion of tne water soluble fraction (Lot 4) was 43.7 grams, as com-
pared to 52.5 grams with the dialyzable fraction (Lot 3). Apparently 
a small amount of the growth factor was left in the undialyzable portion since 
5vitamin B12 supplied through the courtesy of- Merck's and Company 
and Dr. O. B. Ross, Professor of Animal Husbandry, Oklahoma A. and M. 
College. 
6Personal coimnunication to Dr. o. B. Ross. 
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the increase in growth was 12.0 grams more than was obtained from the 
basal ration. However, the addition of Vitamin B12 to the undialyzable 
portion (Lot 5) gave a growth response of 61.3 grams. The amount of 
feed necessary for each pound of gain was the same as for the basal 
ration. 
In Lot 6 Vitamin B12 was added to the dialyzed portion of the 
fish solubles. The growth increase was 56.3 grams, as compared to 
56.4 grams for Lot 2 which contained the basal ration plus Vitai~in 
B12• The addition of 3 percent fish solubles to the basal ration 
(Lot 7) gave a growth increase of 58.0 grams. The growth obtained by 
adding both fish solubles and Vitamin B12 (Lot 8) was 58.2 grams. 
From these results, it can be concluded that a levei of 3 percent of 
fish solubles supplies an adequate amount of the growth factor. This 







Supplements 3rd Week Lb. Gain 
1 Basal 31. 7 gms. 5.16 
2 Basal f Vitamin B12 56.4 3.30 
.3 Basal f dialyzed naterial frcm water 
soluble fraction 52.5. 3.27 
4 Basal f undialyzable material from water 
soluble fraction 43.7 3.95 
5 Basal f undialyzed material f Vitamin 
B12 61 • .3 2o81 
6 Basal f dialyzed material f Vitamin B12 56 • .3 2.74 
7 Basal f 3% fish solubles 58.0 2.90 
8 Basal f 3% fish solubles f Vitamin B12 58.2 2.89 
9 Basal f 80% ethanol filtrate of dialyzed 
material 46.8 3.49 
10 Basal f 80% precipitate from Lot 9 52.7 .3.53 
11 Bas~l f 7CY/, ethanol filtrate of 
dialyzed:ma.terial 44.3 3.68 
12 Basal f 701, precipitate from Lot 11 45.l 3.52 
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DISCUSSION 
The results obtained in this study consistently indicate that 
an unidentified growth factor is present in fish solubles which is 
essential for optimu.~ Jrowth, good livability, and high efficiency 
of feed utilization in chickens. 
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By all nutritional standards the basal ration fed contained all 
of the nutrients known to be essential for optLnum growth. Neverthe-
less, the addition of J percent of fish solubles in all cases improved 
the growth rate. 
From the data presented it is evident that the growth factor is 
not a known amino acid. The calculated analysis of the amino acid 
content of the basal ration shows that all of the essential amino acids 
were supplied in adequate amounts. Even the addition of methionine to 
a similar corn-soybean meal ration failed to give adequate growth 
(Emerson, 1948). Similar results were reported by McGinnis et al 
(1947). 
Further evidence that the growth factor is not an amino acid is 
shown by the growth obtained from feeding the regular chick starter 
(Lot 10, Table 2). This ration contained "Liqua-Fishtt at the equiva-
lent level of 3 percent of fish solubles. Analyses of the amino acid 
content in "Liqua-Fish", as reported by the mnuf acturer, show that it 
is an excellent source of amino acids. The regu]ar starter supplemented 
with ttLiqua-Fishtt contained amino acid levels well above the recommended 
requirements for optimum growth; yet, the regular chick starter failed 
to give satisfactory growth. 
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The growth factor was not identical to any of the B-complex 
vitamins which were added ·to the basal ration. The increase in the 
growth obtained was still below optimun1, showing that some factor(s) 
essential for growth was still lacking (Lot 1, Table 6). Although an 
increase in growth was obtained when B-complex vitamins were added to 
the basal ration, even greater growth was obtained with the f~ther 
addition of 3 percent of fish solubles. 
The growt:o response obtained by feeding 0.1 grams of anthronilic 
acid per pound of feed shows definitely that it is not t~e growth 
factor. Apparently it produced detrimental effects since the increase 
in gain was less than was obtained from feeding the basal ration (Lot 1, 
Table 3). 
The unidentified growth factor was contained in the water soluble 
extract of tl1e fish solubles (Lot 4, Table 1). The acti7e factor was 
also found to be soluble in 10 and 20 percent methanol as shown by the 
improved growti1 rates obtained by the addition of these supplements to 
the basal ration (Lots 7 and 10, Table 1). The growth response obtained 
from feeding the ru.mnonill!11 hydroxide precipitate indicates that the 
growth factor is not precipitated by this chemical. Chemical analysis 
indicates that both the ferric chloride and ammonium hydroxide precipi-
tates are proteins, if it can be assumed that the nitrogen present is 
in the form of protein. In the precipitation procedure with ferric 
chloride some of the growth factor must have come down with the protein, 
since both the filtrate and precipitate gave better growth than was 
obtained with the unsupplemented basal ration (Lots 6 and 7, Table 2, 
and Lots 7 and 8, Table 3). 
The active growth factor was not precipitated by 70 percent 
ethanol. However, 60 and 80 percent ethanol precipitated pa.rt of 
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the factor. I~ is possible to conclude from these results that the 
concentration of the alcohol solution influences the solubility of the 
growth factor. 
The factor was dialyzable through a cellophane me:nbrane since the 
dialyzed portion stimulated growth equal to 3 percent of fish solubles 
(Lot 4, Table 4). Similar results were reported by McGinnis et al. 
(1947) and Zucker and Zucker (1948). 
It is apparent that electrolysis had little, if any, effect in 
concentrating the growth factor from a water solution. Some of the 
actdve factor may have been inactivated, however. This assumption is 
valid when growth responses between Lots 3 and 5, Table 4 are com-
pared. 
A comparison of the growth rates obtained by feeding Vitamin Bl2 
and fish solubles indicate that the unidentified growth factor and 
Vitamin B12 may be identical. The addition of 3 percent of fish 
solubles and the equivalent level of Vitamin B12 gave equal growth 
responses when added to the basal ration (Lot 2 and 7, Table 6). The 
feeding of both at the same time (Lot 8, Table 6) gave no increase in 
growth over that obtained by feeding either one separately in the basal 
ration (Lot 2 and 7, Table 6). However, the chemical structure of the 
growth factor found in the fish solubles will have to be determined 
before it can be proven conclusively that Vitamin B12 and this growth 
factor are identical. 
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Standard poultry rations considered to be adequate and well 
balanced often fail to promote optimum growth. The reason for this 
failure is difficult to explain. In practice the recom111enda.tion has 
been to add animal protein concentrates to poultry rations in order to 
supply essential amino acids and an unidentified growth fa.ctor(s) known 
to be essential for growth. In the past year or so, however, _the value 
of this recorm:nendation has been severely questioned. Processing methods 
employed by manufacturers of animal protein concentrates may destroy 
or preclude the growth factor. The regular chick starter used in these 
experiments contained meat and bone scraps and dried buttermilk in 
addition to all of the nutrients known to be essential for optimum 
growth and livability. However, from the growth obtained, in Lots 1, 
Table 1, and Lot 10, Table 2, it is apparent that some factor necessary 
for growth was.lacking. The growth increase obtained from the regular 
chick starter in Lot 14, Table 5 indicates that the ration contained 
enough of the growth factor to support normal growth. Perhaps this 
ration (Lot 14, Table 5) contained meat and bone scraps from a different 
source than that used in the ration in the previous trial. It has been 
shown that a great variation occurs in the feeding-value of different 
samples of meat scraps {Christiansen and co-workers., 1940). 
In recent years packing plants have with-held the liver and glandu-
lar tissues from the meat and bone scraps. This ca.uses a decrease in 
the feeding value of meat and bone scraps, since these glandular 
tissues are excellent sources of the growth factor. 
"Liqu.a-Fish" contains both press cake and press water. Ordinarily 
press water is processed into condensed fish solubles. Since this is 
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true, "Liqua-Fish" should contain the growth factor in addition to the 
essential amino acids normally found in fish meal. However, the 
"Liqua-Fish" in the regular ration (Lot 10, Table 2) gave no better 
growth response than did the basal ration (Lot 9, Table 2). The addi-
tion of 3 percent of fish solubles to the basal ration in Lot 8, Table 
2, however, gave nearly twice the growth response obtained with the 
unsupplemented basal ration. 
Apparently the methods of processing are responsible for this 
difference in feeding value. The "Liqua-Fish" is heated and digested 
with sulfuric acid. The fish solubles are prepared in their natural 
form and the sulfuric acid added later as a preservative. It has 
been found that the growth factor present in cow manure is readily 
destroyed by autoclaving for one hour with 2 N acid, Bird et al (1948). 
Since the growth factor from cow manure and fish solubles are believed 
to be the sane, the cooking of "Liqua-Fish" with sulfuric acid could 
destroy the factor. Perhaps part of the explanation as to why poul}ry 
rations are deficient in the growth factor could be explained on this 
basis. This assumption is borne out by the fact that the two products, 
fish solubles and "Liqua-Fish" are manufactured from essentially the 
same material and yet give such a big difference in growth response. 
Hatchability and livability are determined in part by the ration 
fed to the breeder hens (Rubin and others, 1947). Since hens must trans-
mit the growth factor through the egg to the chick, it is Lnperati".re 
that the breeder mash be fortified with adequate amounts of the growth 
factor in addition to the other nutrients known to be essential for 
hatchability. The breeder hens used to furnish the chicks in 
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Experiments 1, 2, and 4 were fed aft all-vegetable protein diet. 
Hatchability was normal during the first 8 weeks immediately following 
the date the hens were placed on the all-vegetable protein ration. 
Mortality of the chicks hatched after the hens had been fed this 
ration for 8 weeks was 27.5 percent during the two week pre-assay 
period. At the end of 10 weeks, hatchability of the fertile eggs from 
these same breeder hens had decreased to 48.25 percent. The mortality 
of the chicks in this hatch was 68.29 percent during the two week pre-
assay period. In the next experiment one percent of fish solubles was 
added to the basal ration fed during the first week of the pre-assay 
period. Five-tenths percent of fish solubles was also added to the 
breeder mash. Mortality during the two week pre-assay period decreased 
to 27.04 percent. After the breeder hens had been fed the supplemented 
ration for a period of one month the mortality of chicks from these 
breeder hens had decreased to 11.4 percent during the two week pre-
assay period. 
These results partially explain why rations considered to be ade-
quate often fail to give good growth and good livability under practi-
cal feeding conditions. The breeder mash may contain ::insufficient 
amounts of the growth factor. Thus, the hens are unable to trans~t 
the needed growth factor through the egg to the chicks. Consequently, 
the chicks from these hens have insufficient storage of the growth 
factor in their bodies. If they are fed a starter mash which is also 
deficient or marginal in the growth factor, poor growth and high 
mortality will result. 
It was found from feeding tests :in these experiments that a level 
of 3 percent of fish solubles added to the basal ration apparently was 
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adequate for optimum 6rowth. The addition of 6 percent of the water 
soluble extract, gave no greater growth response when added to the 
basal ration (Lot 2, Table 3) than did the addition of 3 percent of 
fish solubles (Lot 3, Table 3). The addition of 0.6 percent of fish 
solubles gav-e less growth response than did 3 percent of fish solubles 
or 6 percent of the water soluble fraction. It is apparent th~t the 
addition of fish solubles at a 3 percent level approaches the optimum 
for normal growth, good livability, and high efficiency of feed 
utilization. 
SUMMARY 
lo An unidentified growth factor is present in fish solubles which 
is essential for optimum growth and liYability in chicks and 
hatchability in hens. 
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2. The unidentified growth factor is not one of the following B-
complex vitamins: Thia"'Ilin, Riboflavin, Choline, Niacin, Pyridoxine, 
Inositol, Para-aminobenzoic Acid, Pantothenic Acid, or Felic Acid. 
3. The results obtained in this experiment indicate that the growth 
factor and Vitamin B12 may be identical. 
4. The poor growth obtained with the basal ration was not due to 
an amino acid deficiency. 
5. The unidentified factor is: 
(a) soluble in water, 10 percent methanol, and 20 percent 
methanol. It can be extracted from fish solubles with 
any one of these solYents. 
(b) dialyzable through a cellophane membrane. 
(c) not separated from a water solution by electrolysis. 
(d) not precipitated from a water solution by ammonium 
hydroxide and ferric chloride. 
(e) not precipitated from a water solution by the addition 
of 60, 70, and 80 percent ethanol. 
(f) partially adsorbed on the water-soluble protein precipitated 
by ethanol from a water soluble extract of fish solubles. 
6. A 3 percent level of fish solubles in a poultry ration is near 
optimum for normal hatchability, growth and livability. 
7. Manufacturing processes may destroy or preclude the unidentified 
factor from many animal protein conqentrates normally considered 
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to be excellent sources. 
8. A deficiency of this unidentified factor may be one explanation 
for the poor hatchability, poor growth, and poor livability often 
encountered 1U1der practical feeding conditions. 
61 
BIBUOGRAPHY 
Almquist, H. J. 1942. Protein Sources in the Chick Diet. Flour and 
Feed, 42, (11), 10-llo 
Almquist, H.J., E. Mecchi, F. H. Krotzer, and C.R. Grau. 
bean protein as a source of amino acids for the chick. 
24: 385-392 • 
1942. Soy-
Jour. Nutr., 
.Almquist, H.J. 1946. Proteins and Amino Acids in Animal Nutrition. 
F. E. Booth Co., Inc., San FranciSCOo 
Ansbacher, s. 1948. Animal Protein Factor May be Newly Isolated 
Vitamin B12, Am. Vet. M. Ass'n. J. 113:277. 
Berry, E. P., C. W. Carrick, Roy E. Roberts and S. M. Hauge. 1946. 
Supplementary Effect of Corn Gluten Meal With Soybean Oil Meal. 
Poul. Sci., 25; 498-500. 
Berry, E. P., C. W. Carrick, Roy E. Roberts, and S. M. Hauge. 1945. 
Condensed Fish Press Water and Fish Liver Meal in Chick Rations. 
Poultry Science, 25; 270-276. 
Berry, E. P., C. W. Carrick, Roy E. Roberts, and S. M. Hauge. 1943. 
Whey Solubles as a Source of Growth Factors in Chick Rations. 
Poultry Science, 22: 252-263. 
Bethke, R. M., J. H. Pensack, D. C. Kennard. 1947. The influence of 
Hen's Diet on Growth of Progeny. Poultry Science, 26: 128-131. 
Bethke, R. M., P.R. Record, D. C. Kennard, and V. D. Chamberlin. 1946. 
The Relation of Nutrition to Production and Hatchability of Chicken 
Eggs. I. Effect of Protein Supplements and Alfalfa Meal. Poultry 
Science, 25: 570-578. 
Bethke, R. M., D. C. Kennard, and V. D. Chamberlin. 1946. The Relation 
of Nutrition to Production and Hatcnability of Chicken E6gs. II. 
Effects of Choline Chloride, Methionine and Certain Animal and 
Marine Products. Poultry Science, 25: 579-583. 
Bethke,?... M., D. C. Kennard, and V. D. Chamberlin. 1947. The Relation 
of Nutrition to Production and Hatchability of Chicken Eggs. III. 
Effects of Pantothenic Acid, NicotL~ic Acid, Pyridoxine, Folic Acid, 
Biotin, and Certain Marine Products. Poultry Science, 26: 377-380. 
Bird, H. R., M. Rubin, and A. C. Groschke. 1947. An Inborn Character-
istic Determining the Response of Chickens to a Diet Free of Animal 
Protein. J. Nutrition, 33: 319-330. 
Bird, H. R., Hax Rubin, Donald Whitson, and S. K. Haynes, 1946. Effec-
tiveness of Dietary Supplements in Increasing Hatchability of Eggs 
and Viability of Progeny of Hens Fed a Diet Containing a High Level 
of Soybean Oil Meal. Poultry Science, 25: 285-293. 
62 
Bird, H. R., S. J. Marsden, A. C. Groschke, and R.. J. Little. 1948. 
Reduced Requirement for the Unknown Growth Factor DurinJ the Latter 
Stages of Growth of Chickens and Turkeys. Poultry Science, 27: 
654 (abstract). 
Bird, H. R., and J. A. Harvel~ 1943. Relatior:. of Diet to Hatchability 
of E;;6s Produced in Batteries and in Open Front Houses. Poultry 
Science, 22: 40.3-410. 
Bird., H. R., Max Rubin, 9..nd A. C. Groschke. 1948. 
Factor in ,Jow I-!anure. VII. Its Stability and 
Biol. Chemistry, CLXXIV: 611-619. 
! Chick Growth 
Solubility. J. 
Bowland, J. P., M. E. Ensmin;;er, ar.d T. J. c-..1nha. 1948. Need for an 
· Unidentified Factor 01· Factors for Jrowth, F.ep1·ocl.uction and Lacta-
tion of Rats Fed purified ?.at.ions. Arch. Dio,;;hem., 16: 257. 
Brant, A. ·,1., and J. s. Carver. 1947. From One Day of Age Through 
the First Layb.J Year on Rations Contuinin~ Soybe'.ln Oil l<Ieal as 
:1 ProteL-1 3upplement. Poultry Science, 26: 598-60.3. 
BriJgs, G. 1-1., Jr., T. D. Lackey, G. A. El·.;eb.je:n. c::.11d ?::. B. Hart. 1943. 
Studies on Two Che:n.ically Unidentified water Soluble Vitami:'1s Nec-
essary for the Chick. Jour. Biol. Chem., l!;.8: 163-172. 
B:,rerly, T. C., H. :-J. Titus, and :N. R. Ellis. 19.33. Effect. of Diet on 
Egg Composition. II. Hortality of :&."lbryos in Eg6s fror:i Hens on 
Diets Containing Protein Supplements of Different Origin. J. Nutri-
tion, 6: 225-21+2. 
Byerly, T. C., H. W. Titus, and N. :2.. Ellis. 19JJ. Prcxiuetion and 
Hatchability of E66s as .Affected by Different Kinds and Quantities 
of Prqt,e:L'l. in the Diet of Luyb6 Hens. Jour. Agri. Res., 46: 1-22. 
Garver, J. s., and R. J. Evans, 194.3. Animal and Vegetable Protein Com-
binations in Chicks Starting Rations. U.S. Egg and Poultry Mag., 
49: 468-471. 
Cary, C. A., A. H. Hartman, L. P. Dryden and G. D. Likely. 1946. An 
Unidentified Factor Essent:!.3.l for P..at Growth. Federation Proc., 
5: 128. 
Christiansen, J.B., H.J. Deobald, J. G. Halpin, and E. B. Hart. 1940. 
Practical Supplements for Soybean Oil Meal in Chick Rations. Poul. 
Sci., 19: 18-22. 
Christiansen, J.B., J. J. Halpin, ands. B. Hart, 1940. Studies on the 
Nature of the Effective Supplements for Soybean Oil Meal in Rations 
for the Production of Hatching Eggs. Poultry Science, 19: 55-60. 
Clandinin, D.R.., W.W. Cravens, J. C. Halpin and E. B. Hart. 1946. 
Supplementary Value of Methionine, Cystine, and Choline in a Prac-
tical Soybean Oil Meal Starter Ration. Poultry Science, 25: 509-
516. 
63 
Cravens, W.W., W. H. McGibbon, and J • .}. Halpin. 1945. The Value 
of Certain Supplements in Practical Chick Rations Containing Ade-
quate Riboflavin. Poultry Science, 24: 305-309. 
Cunha, T. J. 1946. A Study of Nutritional Deficiencies of Corn-Soy-
bean Oil Heal Rations for Swine and Rats. Ph. D. Thesis, Universit,y 
of Wisconsin (1944). Journal Nutrition, 32: 631. 
Dakin, H. D., C. c. Ungley, and R. J. West. 1936. Further Observations 
on the Chemical Nature of a Hematopoietic Substance Occurring in 
Liver. Biol. Chemistry, 115: 771. 
Deobald, H.J., J. G. Halpin, arid c. E. Holmes, 19.37. Learn More About 
the Value of Soybean Oil Meal for Poultry. :fisconsin Agr. Exp. Sta. 
Bul., 438: 56. 
Emerson, Rebecca. 
Chick Rations. 
1948. Supplementation of all Vegetable Protein 
Thesis Oklahoma A. & M. College (unpublished). 
Fronda, F. H. 1929. The Effects of Dried Shrimps and Fish Meal as 
Supplements in nations for E;;g Pro:iuction. Philippine Agr., 18: 
3-12. 
Gillis, M. B., G. F. Heuser, and L •. C. No1·ris, 1942. The Need for 
Pantotl1enic Acid and an Unidentified Factor in Reproduction in the 
Domestic Fowl. J. Nutrition 23: 153-163. 
Groschke, A. G., Hax Rubin, and H. R.. Bird, 1947. Seasonal Variation 
in Hatchability and Its Relation to the Unidentified Dietary Factor 
in Cow Manure. Poultry Science, 26: 541 (abstract). 
Ha!n, W. E., and R. M. Sandstedt. 1944. A Proteolytic Inhibiting Sub-
star..ce in t'ne Extract from Unheated Soybean Meal. J. 3iol. Chem., 
154; 505-506. 
Hammond, J. C., 1942. 
Growing ChicKens. 
Cow Manure as a Source of Certain Vitamins for 
Poultry Science, 21: 554-559. 
Hammond, J. C. 1944. Dried Gow Manure and Dried Rumen Contents as a 
Partial Substitute for Alfalfa Leaf Meal. Poultry Science, 23: 
471-476. 
Hammond, J. c., and Harry W. Titus. 1944. The Use of Soybean Meal in 
the Diet of Growing Chicks. Poul. Sci., 23: 49-57. 
Hayward, J. 'J., J. G. Halpin, C. E. HoL'D.es, }. Bohstedt, and E. B. Hart. 
1937. Soybean Oil Meal Prepared at Different Temperatures as a 
Feed for Poultry. Poultry Science, 16: 3-14. 
Hayward, J. w., H. Steenbock, and G. Bohstedt. 1936. The Effect of 
Cystine and Casein Supplements Upon the Nut.ritive Value of the 
Protein of Raw and Heated Soybeans. J. Nutr., 12: 275-283. 
Heiman, Victor., J. s. Carver, and J. L. St. John. 1936. The Protein 
Requirements of Laying Hens. Washington Exp. Sta. Bul., 331: 1~16. 
Heuser, G. F., and L. C. Norris, 1944. Soybean Oil Meal in Chick 
Rations. Cornell University Agr. Exp. Sta. Bul. 810. 
Heuser, G. F., L. C. Norris, H. L. Lucas, and G. F. Combs. 1946. 
Further Studies on the Need by Poultry for an Unidentified Factor 
Associated with Animal Protein. Poultry Science, 25: 403 (abstract). 
Heuser, G. F., L. C. Norris, and J. McGinnis, 1946. Vegetable.Protein 
Concentrates Fed Alone and in Combination with Soybean Oil Meal 
and Fish Meal as the Chief Supplementary Protein in Chick Starting 
Rations. Poul. Science, 25: 130-136. 
Hill, D. C. 1945. Protein in Poultry Nutrition. Scientific Agr, 24: 
551-590. 
Hill, F. W. 1948. The Multiple Nature of the Deficiency of Unidenti-
fied Nutrients in Crude All-Vegetable Protein Chick Starter Rations. 
Poultry Science, 27: 536-541. 
Hill, F. W., M. L. Scott, L. C. Norris, and G. F. Heuser. 1944. 
ficiency of Unidentified Vitamins in Practical Chick Rations. 
Science, 23: 253-254. 
Hill, F. W., and R. F. Van Poucke, 1947. An Unidentified Nutrient 




Hogan, Albert G., and Ernest M. Parrott. 1940. Anemia in Chicks Caused 
by a Vitamin Deficiency. J. Biol. Chem. 132: 507-517. 
Hutchings, B. L., J. J. Oleson, and E. L. R. Stokstad. 1946. The 
Laotobacillus Casei Factors in the Nutrition of the Chick. J. 
Biol. Chem. 163: 447-453. 
Hutchings, B. L., E. L. R. Stokstad, N. Bohonus, and N. L. Stobodkin. 
1944. Isolation of a New Lactobacillus Casei Factor. Science 99: 
371. 
Johnson, E. L., C. W. Carrick, R.. E. Roberts, and S. M. Hauge. 1942. 
Evidence of New Growth Factors for Chicks. Poultry Science, 21: 
566-570. 
Kawakami, Uchida, and Nakamura. 1927. Effect o: Some Foodstuffs on 
Growth. Bull. Soc. Hyg. Aliment, 15: 481-504, 524-551. Chem. 
Abs., 22: 2774, 1928. 
Kennard, D. c., and v. D. Chamberlin. 1948. Built-Up Floor Litter as 
A Source of Dietary Factors Essential for the Growth of Chickens. 
Poul. Sci., 27: 240-243 (abstract). 
Krider, J. L., B. W. Fairbanks, R. F. Van Pocke, D. E. Becker, and 
W. E. Carroll. 1946. Sardine Condensed Fish Solubles and Rye 
Pa!;3tures for Cows During Gestation and Lactation. J • .Animal 
Science, 5: 256-263. 
Kunitz, M. Crystalline Soybean Trypsin Inhibitor. 1946. J. Gen. 
Physiol. 29, 149-156. 
Lassen, Sven, and E. Kyle Bacon. 1946. The Use of Condensed Fish 
Solubles in Poultry Nutrition. Poultry Science, 25: 486-491. 
65 
Marvel, James A., C. W. Carrick, Roy E. Roberts, and S. M. Ha~e. 
1945. Distillers' Dried Solubles in Chick Rations Containing Corn 
and Vegeta~le Protein Supplements. Poultry Science; 24: 252-258. 
Marvel, James A., C. W. Carrick, Roy E. Roberts, and S. M. Hauge. 
1944. The Supplementary Value of Choline and Methionine in a Corn 
and Soybean Oil Meal Chick Ration. Poul. Sci., 23: 294-297. 
McGinnis, James., and J. s. Carver. 1947. The Storage of an Unidenti-
fied Growth Factor or Factors in the Egg and Its Relation to chick 
Growth and Mortality. Poultry Science, 26: 457-462. 
McGinnis, James, and J. s. Carver. 1947. Do Cereal Grains and Soybean 
Oil Meal Influence the Chick's Need for an Unidentified Factor or 
Factors Present in Fish Meal and a Liver Fraction. Poultry Scienoe, 
26: 489-493. 
McGinnis, James, G. F. Heuser, and L. C. Norris. 1944. The Need for 
a New Unidentified Factor for Reproduction in Chickens. Poultry 
Science, 23: 553 (abstract. 
McGinnis, James, E. L. Stephenson, J. S. Carver, W. D. Graham, and J. 
c. Lewis. 1948. Unpublished data. Reported as reference Poultry 
Science, 27: 827. 
McGinnis, J., J.M. Stevens, and K. ,}roves. 1947a. The in Vitro 
Synthesis of a Chick Growth Promoting Factor in Hen Feces. Poultry 
Science, 26: 432-433. 
McGinnis, J~,ies, Joan M. Stevens, and Kermit Groves. 1947. Studies on 
an Unidentified Factor Required for Chick Growth and Livability. 
Poultry Science, 26: 550 (abstract). 
Melnick, D., B. L. Oser and S. Weiss. 1946. Rate of Enzymatic Diges-
tion of Proteins as a Factor in Nutrition. Science, 103; 326-,;.329. 
Mills, R. C., 3. M. Bri;gs, Jr., C. A. Elvehjem, and E. B. Hart. 1942. 
Lactobacillus Casei Factor in the Nutrition of the Chick. Proc. 
Soc. Exp. Biol. and Med., 49: 186-189. 
Mishler, D. H., C. W. Carrick, R. E. Roberts, and S. M. Hauge. 1946. 
Synthetic and Natural Vitamin Supplements for Corn and Soybean 
Oil Meal Chick Rations. Poultry Science, 25: 479-485. 
66 
Mishler, D. H., C. :v. Carrick, ands. M. Hauge, 1948. Condensed Fish 
Solubles as a Supplement for Corn and Soybean Oil Meal Chick 
Rations. Poultry Science, 27: 263-269. 
Mussehl, F. E. 1931. Utilization of Proteins by the Growing Chick. 
Nebraska .Agr. Exp. Station Research Bulletin, 55: J-19. 
Nestler, R. B., T. C. Byerly, N. R. Ellis, and H. w. Titus. 
New Factor, not Vita,nin G, Necessary for Hatchability. 
Science, 15: 67-70. 
1946. A 
Poultry 
Nichol, C. A., A. R. Roblee, W. ~l. Cravens, and C. A. Elvehjem. 
Activity of Antipernicious Anemia Preparations in Chicks. 
Chem., 170: 419-420. 
1947. 
J. Biol. 
Norris, L. c., and G. F. Heuser. 1943. Studies on the Amount of Xnimal 
Protein Required in Poultry Rations. FloJ,Ii' and Feed, 43 (8): 38. 
Novak, A. F., S. H. Hauge, and C. W. Carrick, 1947. An Unidentified 
Growth Factor in Distiller's Dried Solubles Essential for the Chick. 
Poultry Science, 26: 604-609. 
Ott, W. H., E. L. R.ickes, and F. R. Wood. 1948. Activity of Crystal-
line Vitamin B12 For Chick Growth. J. Biol. Chem., i74: 1047-1048. 
Parkhurst, R. T., C.R. Fellers, and J. W. Kuzmeski. 1945; Corn Dis-
tillers• By-Products in Poultry Rations. II. Laying and Breeding 
Rations. Poultry Science, 24: 8-19. 
Parkhurst, R. T., and J. w. Kuzmeski. 1944. 
Dried By-Products in Breeding Rations. 
(abstr.act). 
Supplementing Distillers• 
Poultry Science, 23: 554 
Patton, A. R., J.P. Marvel, H. G. Petering and J. Waddell. 1946. The 
Nutritional Significance of 1,.n~nal Protein Supplements in the Diet 
of the Chick. J. Nutr., 31: 485-495. 
Petersen, C. F., A. C. Wiese and C. E. Lampman. 1948. The Effect of 
Several Protein Supplements on Hatchability When Fed in Open Pens 
and Batteries. Poultry Science, 27: 471. 
Phillips, A. G., R.H. Carr, and D. G. Kennard. 1920. Meat Scraps 
Versus Soybean P~oteins as a Supplement to Gorn for Growing Chicks. 
Indiana Agr. Exp. Sta. J. Agr. Research, 18: 391-398. 
Rickes, E:lward L., Norman G. Brink, Frank R. Koniuszy, Thomas R. Wood, 
and Ivµ-1 Folkers. 194S. Cr:;rstalline Vitamin B12. Science, 107: 
396-397. 
Rickes, Edward L., Norman G. Brink, Frank R. Koniuszy, Tho.'Jlas R. Wood, 
and Karl Folkers. 1948. Comparative Data on Vitamin B12 From 
Liver and from a New Source, Streptomyces Griseus. Science: 108: 
634-6.35. 
68 
Shorb, M.:u-y S.; 1948. 
bacillus Lac'0is. 
.'ictiYity of Vitam:Ll B12 for the Grow-th of Lacto-
Science, 107; 397-398. 
Shorb, Eary s. 1947. Unider!tFied Growth Fact,or for Lactobaclllus 
Lactis in ::l.efined Liver Extracts. J. Biol. Chen:., 1S9: 455. 
Smith, E. L. 1948. Pur:Lfi·~ution of :1.nti-Pernicious A.ne:nia Fact.ors Fr·o,n 
Liver. Nature, 161: 6.38. 
S.:rritl'1, E. L. 
Factor. 
19lr8. Presence of Cobalt i!'l tl1e iuiti-Perr1icio1_1s Ane.r:1ia 
l'Tatu.re, 162: 1*• 
Spitzer, R.R., and P.H. Phillips. 
on 3tudles \·!it::1 Rats fee. !·T?.tur.s.l 
1946. Reprod.ci.~tion an:.l Lactation 
E::i.tions. J. ITutr., .32: 631-639. 
Stephenson, Edward L., J,1;,1es ::cJinnia, :1. D. Gra.r1a.m, and J. S. Car'{er. 
1948. Effect of Soil on Chick Growth. Poultry Science, 27: 827-
828. 
Stolrntad, :S .... ?... , u.nd P. D. V. Hannin.6 • 1938. Evidence of a new 
Groirth Factor Required. by Chfo'ks. J. Biol. Chem., 125: 637-696. 
'Io,:l1J.a.v13, ii. E., s..t1d :.). -~J. 2.I1_1u.faro. 193.3. ]ro1.md S0.7be5..11s as a Prot2il1 
Del. A;r. ::x). Sta. Bull,stin, 1830 Suppl~11ne:r1 t, for J-::.~ow:i.n.; G}1icks. 
West, ?.andol1)h. 1948. .ictivity of Vita,r1in 312 in Addisonie:n Pernicious 
Ane11ia. 3ci·:mce, 107: 398. 
Whitson, D., J. c. Ha:1LK>n1, :a. 
Use of Soybean Heal in the 
Different Grai.rls. Poul try 
·,lo Titus, and H. :1. Bird. 1945. The 
Diet of }ro1dnJ Chfoks. II. Effect of 
Science, 24: 408-416. 
whitson, D., E. :{. Titus, a.r~d ~. R. Bird. 1946. The ~feet of Feeding 
Cow Manure on 3:6.; fl·oduct.ion and I-Iatohability. Poultry Scierlce, 25: 
143-147. 
Whitson, D., E.1.-1. Titus, a.>1d P.. ?.. Bird, 1946. :Effect of Dietary Level 
of Soybean Heal on Hatci1ability. Poultry Science, 25: 52-58. 
Wil~1.is, H. S., ancJ. F. X. Gassner. 1941. Effect of Soybean Oil Heal on 
Biol. Med., 46: 290-293. Avian Reproduction. Proc. Soc. E:iqJ. 
Wilgus, H. S. Jr., and D. V. Zander. 1945. Hininu:a Levels of AnL1.al 




·.f. 1945. Observations on the 
Proteins .Added to P-.cotein-Free 
J. Biol. Chem., 159: 75.3-754. 
Jrowtn Stinulating Action of 
Diet Coupounded with Amino 
Zucker, L. H., T. F. Zucker, V. Babcock and P. Hollister. 1948. Zoopher-
in - A Hutritional Factor for Rats Associated with Animal Protein 
Sources. Arch. Bio. Chem., .l~::·115. 
69 
Zucker, Theodore F., and Lois M. Zucker. 1948. Lactation in ~ats on 
Well Fortified All-Plant Rations. Archives of Biochemistry, 19: 
323-328. 
Sue Norman, Typist 
